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@ Cordless digitizer. 

(57) Figure 1 shows generally at 10 a digitizing 
tablet and a cordless pointer 11 arranged, in 
use, to move over a rectangular contact surface 
(not shown) of the tablet 10. The digitizer 10 
comprises a drive matrix 12 having a first 
plurality of driving conducting coils (not shown) 
arranged in a first orientation and a second 
plurality of driving conducting coils (not shown) 
arranged in a second orientation orthogonal to 
the first driving coils. A sense matrix 13 com- 
prises a first plurality of sensing conducting 
coils (not shown) arranged in a first orientation 
and a second plurality of sensing conducting 
coils (not shown) arranged in a second configu- 
ration orthogonal to the first sensing coils. 
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The present invention relates to a graphic digitiz- 
er and a method of operating the same. 

Graphic digitizers are widely used in desk top 
publishing and computer aided design (CAD) systems 
as a means of translating the location of a pointing 
device on a digitizing tablet into coordinates on a 
screen-monitor. Typically the pointing device com- 
prises a pen-shaped instrument or stylus, or else it 
comprises a cursor having a substantially flat portion 
which is slidable over the surface of the digitizing tab- 
let A computer with which the apparatus is associat- 
ed is able to recognise the location of the pointing de- 
vice on the tablet 

Prior art systems of this kind employ a plurality of 
electrical conductors below the surface of the tablet 
which conductors have electrical signals induced in 
them from a magnetic field produced by a coil in the 
pointing device. The coil in the pointing device is con- 
ventionally energised through a cord leading from a 
power supply to the pointing device. By analyzing 
which of the conductors is experiencing an induced 
electrical signal, and by analyzing the magnitude and, 
where necessary, the phase of the induced signals, 
the computer is able to identify the exact location of 
the pointing device on the tablet 

Such prior art systems are disadvantageous in 
that the cord of the pointing device may restrict its 
movement A suggested alternative employs one or 
more batteries in the pointing device to energise the 
coil. However, the use of batteries has the disadvan- 
tage that the pointing device must be made undesir- 
ably larger to accommodate them or else if the bat- 
teries are small they may be relatively short-lived. 

A known digitizing tablet and pointing device 
which does away with the need for either a corded 
pointing device or a battery in the pointing device 
uses a driving grid located in the tablet to induce an 
electrical signal into the coil of the pointing device, 
thereby causing it to resonate and to induce electrical 
signals in one or more sensing conductors in the tab- 
let In order to overcome the problem of the driving 
grid directly inducing electrical signals into the sens- 
ing conductors, thereby making difficult the measure- 
ment of any signals induced by the pointing device, 
the prior art device is made to cease transmission of 
the driving signal and then "listen" for the signal in- 
duced from the resonating coil of the pointing device 
into the conductors. In order to allow any potentially 
confusing transient signals to subside it is necessary 
to wait a short while after suspending the transmis- 
sion of the driving signal, before commencing the 
monitoring of the conductors for any signals induced 
by the pointing device. 

A disadvantage of this system is that it is relative- 
ly slow due to the necessity to suspend transmission, 
wait and then monitor each of the conductors in the 
tablet Speedy processing of position data is vital for 
accurate real-time representation of the movement of 



the pointing device. 

Furthermore, once the driving signal has been 
suspended the signal induced in the conductors from 
the coil of the pointing device begins to decay expo- 

5 nentially which makes the accurate measurement of 
the signals difficult 

Afurther prior art system as disclosed in U.S. pa- 
tent number 5045,645 in the name of Hoendervoogt 
et al, avoids the necessity to suspend transmission of 

10 the drive signal when motoring the pointer-induced 
signal. This is achieved by driving the pointer with a 
composite signal including a high frequency carrier 
component onto which is superimposed a much tower 
frequency modulating component The pointer is pro- 
fs vided with two tuned circuits, the f irst of which reso- 
nates at the carrier frequency and the second of 
which resonates at the modulating frequency. The 
two tuned circuits are connected via a diode arrange- 
ment which permits energy from the first tuned circuit 

20 at the higher carrier frequency to drive the second 
tuned circuit at the lower modulating frequency. A set 
of conductors in the tablet picks up signals induced by 
the second tuned circuit at the lower frequency, and 
processing means is arranged to translate the mag- 

25 nitude and phase of the signals into position data. 

A disadvantage of this system is that it must use 
a high carrier frequency which can interfere with 
other apparatus in the vicinity of the tablet (ie. radio 
frequency interference). Another disadvantage is that 

30 the device is inefficient since only a portion of the en- 
ergy of the drive signal, namely that of the lower fre- 
quency modulating signal, is used to induce the sig- 
nals which are detected in the conductors. 

According to a first aspect of the present inven- 

35 tion there is provided digitizing apparatus comprising 
a reference surface and a position indication device 
arranged in use to indicate a position relative to the 
reference surface, the apparatus comprising drive 
means arranged, in use, to be inductively coupled to 

40 an electrical conductor of the position indication de- 
vice, and sensor means arranged in use to be induc- 
tively coupled to an electrical conductor of the posi- 
tion indication device, the drive means being ar- 
ranged in use to induce an electrical signal in a con- 

45 ductor of the position indication device, a conductor 
of the position indication device being arranged in 
use to induce an electrical signal in the sensor means, 
wherein the sensor means comprises at least one coil 
of electrically conducting material in use. 

so Preferably the sensor means comprises at least 

a first coil portion which is wound in a first winding 
orientation and at least a second coil portion which is 
wound in a second winding orientation, opposed to 
the first winding orientation. 

55 In a preferred arrangement the sensor means 

comprises a plurality of coils wherein a number of the 
coils may comprise first and second coil portions. 
Preferably at least some of the coils are arranged 
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in a first configuration and at least some others of the 
coils are arranged in a second configuration, sub- 
stantially orthogonal to the first configuration. 

In a preferred arrangement at least some of the 
coils of the sensor means are arranged such that for 
each coil portion of the first winding orientation, there 
is a coil portion of the second winding orientation. 

The drive means may comprise at least one elec- 
trical conductor. Preferably the drive means compris- 
es a plurality of electrical conductors. 

In a preferred arrangement the drive means com- 
prises a number of first electrical conductors in a first 
configuration and a number of second electrical con- 
ductors in a second configuration, substantially or- 
thogonal to the first configuration. 

Preferably at least one of the electrical conduc- 
tors of the drive means comprises an electrically con- 
ducting coil in use. 

In a preferred arrangement the position indica- 
tion device comprises a tuned circuit 

Preferably the position indication device com- 
prises at least one inductance and at least one capac- 
itance. 

Preferably the apparatus includes signal genera- 
tion means arranged to provide an electrical signal to 
the drive means. 

Preferably the drive means is arranged to induce 
an alternating electrical signal into the conductor of 
the position indication device which signal has a fre- 
quency substantially equal to a resonant frequency of 
the tuned circuit of the position indication device. 

In a preferred arrangement the apparatus is ar- 
ranged to measure a resonant frequency of the pos- 
ition indication device and to cause the drive means 
to induce an alternating electrical signal in the con- 
ductor of the position indication device which signal 
is substantially equal to the measured resonant fre- 
quency. 

Preferably the apparatus Is arranged such that 
in use, the drive means induces an electrical signal in 
the conductor of the position indication device whilst 
measuring means are measuring the electrical signal 
induced in the sensor means by the position indica- 
tion device. 

Preferably, in use, at least one first conductor of 
the drive means is arranged to induce an electrical 
signal in a conductor of the position indication device 
which conductor of the position indication device is 
arranged to Induce an electrical signal In at least one 
sense coil which at least one sense coil is arranged 
substantially orthogonal to the at least one first con- 
ductor of the drive means. 

The apparatus may comprise a plurality of posi- 
tion indication devices arranged in use to indicate 
positions relative to the reference surface. In a pre- 
ferred arrangement more than one device may be 
used at substantially the same time to indicate posi- 
tions relative to the reference surface. 



Where more than one position indication device 
is being used to indicate positions relative to the ref- 
erence surface the drive means may be arranged to 
induce alternating electrical signals of different fre- 
5 quencies in the respective position indication devic- 
es. 

In a preferred arrangement the apparatus in- 
cludes a plurality of signal generation means ar- 
ranged, in use, to generate electrical signals of differ- 
to ent frequencies. 

Preferably the apparatus is arranged to measure 
a resonant frequency of each position indication de- 
vice and to cause the drive means to induce an alter- 
nating electrical signal in an electrical conductor of 
15 each respective position indication device which sig- 
nal is substantially equal to the measured resonant 
frequency of the respective position indication de- 
vice. 

According to a second aspect of the present in- 
20 vent ion there is provided digitizing apparatus com- 
prising a reference surface and a plurality of position 
indication devices arranged, in use, to indicate posi- 
tions relative to the reference surface, the apparatus 
comprising drive means arranged in use to be induc- 
es tively coupled to electrical conductors of the respec- 
tive position indication devices, and sensor means 
arranged in use to be inductively coupled to electrical 
conductors of the respective position indication de- 
vices, the drive means being arranged, in use, to in- 
30 duce electrical signals of different frequencies in the 
conductors of the respective position indication de- 
vices, and the conductors of the respective position 
indication devices being arranged, in use, to induce 
electrical signals of different frequencies in the sen- 
35 sor means. 

The apparatus may be arranged such that more 
than one position indication device may be used to in- 
dicate positions relative to the reference surface at 
substantially the same time. 
40 The sensor means preferably comprises at least 

one coil of electrically conducting material in use. 

According to a third aspect of the present inven- 
tion there is provided digitizing apparatus comprising 
a reference surface and a position indication device 
45 arranged in use to indicate a position relative to the 
reference surface, the apparatus comprising drive 
means arranged in use to be inductively coupled to an 
electrical conductor of the position indication device, 
and sensor means arranged in use to be inductively 
50 coupled to an electrical conductor of the position in- 
dication device, the drive means being arranged in 
use to induce an electrical signal in a conductor of the 
position indication device and a conductor of the pos- 
ition indication device being arranged in use to in- 
55 duce an electrical signal in the sensor means, where- 
in the apparatus further comprises means to meas- 
ure a resonant frequency of electrical signal in the 
conductor of the position indication device, the appa- 
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ratus being arranged, in use, to cause the drive 
means to induce an electrical signal of substantially 
the measured resonant frequency into the conductor 
of the position indication device. 

Preferably the apparatus includes means to filter 5 
out electrical signals induced directly into the sensor 
means by the drive means. 

According to a fourth aspect of the present inven- 
tion there is provided a position indication device for 
use in indicating a position relative to a reference sur- 10 
face of digitizing apparatus, the position indication 
device being arranged in use to have an electrical sig- 
nal induced in at least one electrical conductor there- 
of, wherein the position indication device is arranged 
in use to induce an electrical signal into a sensor 15 
means of digitizing apparatus, the position indication 
device comprising function indication means ar- 
ranged in use to indicate a function of the position in- 
dication device by influencing a condition of the elec- 
trical signal induced in the position indication device. 20 

Preferably the function indication means com- 
prises at least one switch wherein the or each switch 
operates so as to influence a condition of the electri- 
cal signal induced in the position indication device. 

Preferably the function indication means is ar- 2s 
ranged to influence a rate of rise of an electrical signal 
induced in the position indication means. 

In a preferred arrangement, the function indica- 
tion means is arranged to influence a rate of rise of 
an electrical current induced in the position indication 30 
means. 

Preferably the position indication device com- 
prises at least one tuned circuit. 

The function indication means may influence the 
condition of an electrical signal induced in the posi- 35 
tion indication device by switching at least one resis- 
tance across the tuned circuit 

In a preferred arrangement, the function indica- 
tion means influences the condition of the electrical 
signal induced in the position indication device by in- 40 
f luencing a Q-factor of the or each tuned circuit 

There may be a plurality of function indication 
means in the position indication device. 

According to a fifth aspect of the present inven- 
tion there is provided a method of indicating the pos- 45 
ition of a position indication device relative to a refer- 
ence surface of digitizing apparatus, the method 
comprising causing drive means to induce an electri- 
cal signal in the position indication device, whilst 
sensing an electrical signal induced in sensor means so 
by the position indication device which sensor means 
includes at least one electricaJly conducting coil in 
use. 

Preferably the method includes sensing an in- 
duced electrical signal in a plurality of coils. The 55 
method may include sensing an induced electrical 
signal in a plurality of coil portions wherein the coil 
portions comprise a plurality of coil portions of a first 



winding orientation and a plurality of coil portions of 
a second winding orientation, each coil portion of the 
first orientation being paired with a coil portion of the 
second orientation. 

Preferably the method includes inducing an elec- 
trical signal in the position indication device by drive 
means which drive means are separate from the sen- 
sor means. 

According to a sixth aspect of the present inven- 
tion there is provided a method of indicating positions 
of a plurality of position indication devices relative to 
a reference surface of digitizing apparatus, the meth- 
od comprising causing drive means to induce electri- 
cal signals of different frequencies in the respective 
position indication devices, whilst sensing electrical 
signals induced in a sensor means by the position in- 
dication devices. 

The method may comprise a method of indicating 
the positions of a plurality of position indication devic- 
es at substantially the same time. 

According to a seventh aspect of the present in- 
vention there is provided a method of indicating the 
position of a position indication device relative to a 
reference surface of digitizing apparatus, the method 
comprising causing drive means to induce an electri- 
cal signal in the position indication device whilst 
sensing an electrical signal induced in sensor means 
of the digitizing apparatus by the position indication 
device, the method further comprising measuring a 
resonant frequency of the position indication device 
and causing the drive means to induce an electrical 
signal of substantially the measured resonant fre- 
quency in the position indication device. 

Preferably the method includes measuring a res- 
onant frequency of a tuned circuit of the position in- 
dication device. 

The method may include measuring a back- 
ground electrical signal in the sensor means, which 
background electrical signal is not induced in the sen- 
sor means by the position indication device. 

Preferably the method includes removing from 
the electrical signal in the sensor means, a portion of 
electrical signal which is directly induced in the sen- 
sor means by the drive means. The method may in- 
clude separating an electrical signal induced in the 
sensor means by the position indication device from 
an electrical signal induced in the sensor means by 
the drive means by a consideration of the phase of the 
two signals. 

According to an eighth aspect of the present in- 
vention there is provided a method of operating a pos- 
ition indication device, arranged in use to indicate a 
position relative to a reference surface of digitizing 
apparatus, the method comprising causing drive 
means of the apparatus to induce an electrical signal 
in the position indication device whilst sensing an 
electrical signal induced in a sensor means by the 
position indication device, the method further com- 
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prising indicating a function of the position indication 
device by influencing a condition of an electrical sig- 
nal induced in the position indication device by the 
drive means. 

Preferably the method includes operating at least 
one switch on the position indication device wherein 
the or each switch operates so as to influence a con- 
dition of the electrical signal induced in the position 
indication device. 

In a preferred arrangement the method includes 
influencing a rate of rise of an electrical signal in- 
duced in the position indication device. 

Preferably the method includes influencing a rate 
of rise of an electrical current induced in the position 
indication device. 

The method may include influencing a rate of rise 
of an electrical current induced in at least one tuned 
circuit of the position indication device. 

Preferably the method includes switching at least 
one resistance across the tuned circuit 

In a preferred arrangement the method compris- 
es influencing a Q-factor of a tuned circuit of the pos- 
ition indication device. 

The invention also includes any .combination of 
the features or limitations referred to herein. 

The invention may be carried into practice in va- 
rious ways but specific embodiments will now be de- 
scribed by way of example with reference to the ac- 
companying diagrammatic drawings in which: 

Figure 1 shows schematically a digitizing tablet 

and a pointing device according to an embodi- 
ment of the present invention, 

Figure 2 shows a circuit of a pointing device for 

use with the digitizing tablet of figure 1. 

Figure 3 shows in more detail a portion of the 

digitizing tablet of figure 1 . 

Figure 4 represents an electric current signal in 

a circuit of figure 2 in use, 

Figure 5 represents an electric current in the cir- 
cuit of figure 2 in alternative use. 

Figure 6 shows a circuit of an alternative pointing 

device for use with the digitizing tablet of figure 

1. 

Figure 7 shows schematically an alternative em- 
bodiment of digitizing tablet, and 
Figure 8 shows in more detail a portion of the 
digitizing tablet of figure 7. 

Referring particularly to figure 1 , this shows gen- 
; erally at 10 a digitizing tablet and a cordless pointer 
11 arranged, in use, to move over a rectangular con- 
tact surface (not shown) of the tablet 10. 

The digitizer 10 comprises a drive matrix 12 hav- 
ing a first plurality of driving conducting coils (not 
shown) arranged in a first orientation and a second 
plurality of driving conducting coils (not shown) ar- 
ranged in a second orientation orthogonal to the first 
driving coils. A sense matrix 13 comprises a f irst plur- 
ality of sensing conducting coils (not shown) ar- 



ranged in a first orientation, and a second plurality of 
sensing conducting coils (not shown) arranged in a 
second configuration orthogonal to the first sensing 
coils. 

5 Drive multiplexers 14 and 15 are arranged, in 

use, to supply selectively electric current to any of the 
first drive coils (hereinafter referred to as the X drive 
coils) or to any of the second drive coils (hereinafter 
referred to as the Y drive colls) respectively. 

10 Current induced in any of the first and second 

sense coils (hereinafter referred to as the X and Y 
sense coils respectively) is routed to a sense multi- 
plexer 16. An amplifier (not shown) amplifies the level 
of the signals received in the sense coils. 

15 In use, when the drive multiplexers 14 and 15 

route alternating electric current into the X or Y driv- 
ing coils (not shown) of the driving matrix 12 the as- 
sociated changing magnetic field induces a voltage 
signal in a tuned circuit lla of the pointer 11 . The sub- 

20 stantiaily sinusoidal drive signal is produced in a drive 
multiplexer signal generator 17 and is generated by 
a programmable signal source which is locked to a 
stable reference frequency. 

The resultant current in the pointer 11 then gives 

25 rise to a magnetic field which induces a voltage signal 
in the X and Y sense coils of the sense matrix 1 3. 

After the sensed voltage signals have been fed 
into the sense multiplexer they are de-modulated by 
a synchronous de-modulator 18. The de-modulated 

30 signals are then converted into digital signals in an 
analogue to digital converter 19 before being input 
into a microprocessor 20 which calculates the posi- 
tion of the pointer 11 on the tablet 10. The calculated 
position data is then output to a host device such as 

35 a computer (not shown) via an interface 21. 

In more detail, the sense matrix 13 comprises a 
balanced array of conducting coils laid side by side, 
each coil being paired with an identical but oppositely 
wound coil, the coils being inter-connected so as to 

40 give a multi-phase output signal. The pattern of inter 
connection is repeated many times over the area of 
the tablet 10, with each complete pattern being refer- 
red to commonly as a "pitch". 

The sense matrix 13 has two separate and inde- 

45 pendent arrays of coils which are placed orthogonal 
to each other to permit position sensing in perpendic- 
ular axes X and Y. The pattern of coils may be pro- 
duced by conventional techniques such as etching, 
vacuum depositing, screen printing or wiring of a con- 
so ductive material or any suitable combination of these 
techniques. 

The drive matrix 12 is also formed as two ortho- 
gonal arrays, for driving in an X axis and a Y axis, and 
may be fabricated by the same techniques as is the 
55 sense matrix. The drive grid comprises individual 
coils laid side by side which coils are nominally of a 
pitch (or smaller) in width. 

The drive multiplexers 14 and 15 are arranged to 
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route excitation current into any of the X drive coils or 
Y drive coils. The operation of these multiplexers is 
controlled by the micro-processor 20 and the drive 
multiplexers utilise field effect transistors (not 
shown) to switch current into the drive coils. 5 

The purpose of the synchronous de-modulator 1 8 
is to reject any extraneous noise and unwanted back- 
ground signals. The de-modulation clock is derived 
from the drive matrix signal generator 17. The de- 
modulation clock circuitry provides both phase and 10 
quadrature clock signals to enable phase and quad- 
rature data to be discerned from the sensed signals. 

The drive matrix signal generator 1 7 is coupled to 
a power amplifier (not shown) which boosts the avail- 
able current for the driving signal. The circuitry also 15 
provides clock signals for the de-modulation circuitry. 

The micro-processor 20 is at the heart of the digi- 
tizing tablet and it interfaces with and controls the 
drive matrix signal generator 17, the analogue to dig- 
ital converter 19, the synchronous de-modulator 18 20 
and the sense multiplexer 16. 

Figure 2shows schematically a circuit of a pointer 
for use with the digitizing tablet of figure 1 . The pointer 
comprises an LC tuned circuit including a coil 22 and 
a capacitor 23. In parallel with the tuned circuit are 25 
switched resistors of which 24, 25, 26 are examples. 
When the pointer is in the form of a stylus or pen the 
resistors are switched either axially by the stylus tip 
or radially using buttons (not shown). 

In use, an alternating magnetic field at a f requen- 30 
cy f, caused by the excitation current in a coil of the 
drive matrix 12 acts on the tuned circuit of the pointer 
11, the resonant frequency of which is f,. This causes 
the tuned circuit to resonate and the magnetic field 
produced by the coil 22 induces a voltage signal into 35 
the sense matrix 1 3 of the tablet 1 0. The resistors 24, 
25, 26 are switched into the circuit so as to alter the 
Q-factor of the LC tuned circuit. 

The operation of the tablet 10 and pointer 11 will 
now be described in more detail, again with reference 40 
to figures 1 and 2. 

The X and Y drive coils (not shown) are superim- 
posed in the tablet 10. The drive coils can be selected 
individually and, if required, in a random fashion by 
the drive multiplexers 14 and 15. When driving the X 45 
drive matrix 12 the Y sense matrix 13 is connected to 
the synchronous de-modulator 1 8 via the sense mul- 
tiplexer 16. Conversely, when driving the Y drive ma- 
trix 12 the X sense matrix 13 is connected to the syn- 
chronous de-modulator 18 via the sense multiplexer 50 
16. 

The balanced array of each of the X sense coils 
and Y sense coils is such as to produce a nominal null 
in the sensed signal when the respective orthogonal 
drive coil is excited and no pointing device is present. 55 
This is due to the fact that any signal induced in one 
of the clockwise sense coils directly by the orthogo- 
nal drive coil, will be induced in an equal and opposite 

6 



sense in the corresponding counter clockwise sense 
coil. However, when the pointer 11 which is excited by 
a drive coil at its resonant frequency is placed in prox- 
imity to a sense coil it retransmits a magnetic field 
which induces a voltage signal in the sense coils ac- 
cording to its position relative to the sense coils. 

The proximity of any metal objects (not shown) to 
the sense coils may upset the nominal balance of the 
sense matrix. In addition, because of the magnetic to- 
pology of the matrix, and in particular due to the finite 
length of the coils, the balance of the sense matrix 
can be upset particularly at the edges of the tablet 
10. These problems are overcome in the following two 
ways. 

Firstly the voltage signal induced into the sense 
matrix 13 via the pointer 11 at its resonant frequency 
Fi is inevitably phase-shifted by 90° as compared 
with the voltage signal induced directly from the drive 
matrix 12. The directly induced voltage signal is 
therefore largely rejected by the synchronous de- 
modulator 18. 

Secondly, the micro-processor 20 makes a back- 
ground measurement from the sense matrix 13 with 
the driving frequency "off tune" ie. away from the res- 
onant frequency of the tuned circuit of the pointer 1 1 . 
From this information the micro- processor 20 can ex- 
tract the signal values which are purely due to the ef- 
fect of the pointer 11. 

Figure 3 shows the arrangement of a Y portion of 
the sense matrix 1 3a and a Y portion of the drive ma- 
trix 12a. The sense matrix 13a is of a four-phase non- 
overlapping type. The technique of operation is suit- 
ed to many types of commonly used matrix topologies 
and is particularly suited to topologies in which sense 
coils are arranged so that there is nominally a null 
sense voltage when no pointer is present. 

The Y sense matrix shown has an interconnected 
pattern which repeats several times across the sur- 
face of the tablet 1 0, each repeat being commonly re- 
ferred to as a pitch. The number of pitches needed in 
a tablet is dependent upon the width of each pitch and 
on the size of the tablet. The sense matrix 13 permits 
the microprocessor to determine with high resolution 
the position of the pointer within a pitch. This is ach- 
ieved as follows. 

Four-phase signals from the sense coil are am- 
plified and de-modulated by the synchronous de- 
modulator 18 to generate DC voltage levels. The DC 
voltage levels are proportional to the amplitude of the 
AC signal which is being de-modulated from the 
sense coils. The DC voltage levels are then convert- 
ed into digital values by the analogue to digital con- 
verter 1 9 and are then sent to the micro-processor 20. 
The micro-processor 20 undertakes a vector summa- 
tion on the four numbers (representing the four dif- 
ferently phased coils) and from this the exact position 
of the pointer 11 with respect to the four coils, ie. with- 
in a particular pitch, is determined. 
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However, the signals from the sense matrix alone 
cannot determine the absolute position of the pointer 
1 1 on the tablet 1 0 since the micro-processor 20 can- 
not know from this information alone in which of the 
pitches the pointer is inducing the signals. 

In order to determine the pitch in which the sig- 
nals from the pointer are being induced, it is neces- 
sary to excite selectively the appropriate drive coils. 
The number of drive coils is equal to or greater than 
the number of pitches. For example to determine the 
pitch in the X axis the micro-processor 20 selectively 
energises the X drive coils and determines the peak 
amplitude and phase of the signals induced in the Y 
sense coils for each selected X drive coil. From this 
amplitude and phase information the X pitch is deter- 
mined. 

Conversely by selecting the Y drive coils and 
analyzing the X sense coils the Y pitch is determined. 

The drive signal to the drive matrix 12 is of a pro- 
grammable frequency. The drive matrix signal gener- 
ator 17 can lock onto the central frequency of the 
tuned circuit of the pointer 11. This is accomplished 
by phase and quadrature de-modulation of the sense 
signals using conventional radio techniques. The 
benefit of this is that the tuned circuits of the pointers 
need only be tuned to within say plus or minus 10% 
of their intended resonant frequencies, which reduces 
production time. In addition, as the tuned circuit of 
the pointer 11 ages, its resonant frequency changes. 
This is compensated for by employing the above de- 
scribed technique. 

Because the drive signal frequency may be made 
to match the pointers resonant frequency accurately 
the directly induced sense signals (ie. from the drive 
matrix 12) which are 90° out of phase with the pointer 
induced signals may be more effectively rejected by 
the synchronous de-modulator 18. 

The tablet 10 is also able to determine whether 
and which buttons have been pressed either on the 
stylus, the circuit of which is shown in figure 2, or if it 
is used, on a cursor, a circuit of which is shown in fig- 
ure 6. For example buttons on the stylus or cursor 
may be used to provide different information to a 
computer, such as for different thicknesses or colours 
of a tine drawn on a monitor by moving the pointer 
across the tablet, or for entering co-ordinate points on 
the tablet into the computer. 

Referring again to figure 2, which shows sche- 
matically the circuit of a pointer in stylus form, the cir- 
cuit comprises coil 22 and capacitor 23 which togeth- 
er form an LC tuned circuit Figure 5 shows the rate 
at which the current I in the tuned circuit rises when 
the circuit is subjected to a magnetic f ield at the tuned 
circuits resonant frequency. The rate of rise of the 
current is found by analyzing the induced signal. This 
is accomplished by sampling the waveform at various 
periods after the drive signal has been applied. But- 
ton information is encoded by switching various ones 



of the resistors 24, 25, 26 across the tuned circuit. 
The effect of switching the resistance across the 
tuned circuit is to dampen the Q-factor of the circuit. 
This damping results in a lower amplitude of induced 

5 signal but more importantly a more rapid rise of am- 
plitude. For example figure 5 represents the induced 
current in the tuned circuit when one of the resistors 
24, 25, 26 has been connected across the tuned cir- 
cuit The number of switches that can be accommo- 

10 dated in this way is dependent upon the resistor 
weighing and the resolution of the system. 

An alternative pointing device, the circuit of 
which is shown in figure 6, is the cursor. If it desirable 
for the cursor to have many button-functions the cur- 

15 sor can have more than one tuned circuit 27, 28, 29, 
30. Each individual tuned circuit operates in the same 
manner as the circuit described above. In the exam- 
ple of figure 7 the configuration allows 16 buttons but 
greater or smaller numbers of buttons may be accom- 

20 modated by deleting or adding tuned circuit blocks as 
required. 

By generating and driving signals of different fre- 
quencies it is possible to have more than one pointing 
device in use on the tablet at the same time. The sep- 

25 a rate drive signals are made to match accurately the 
resonant frequencies of the different pointers and in 
this way the signals induced in the sensor means by 
the different pointers may be interpreted separately. 
A plurality of signal generators may be employed to 

30 generate the different frequency signals. 

Figures 7 and 8 show respectively a schematic 
diagram and a matrix arrangement for an alternative 
embodiment of tablet 31. The structure of the tablet 
31 is very similar to that of the table 10 with the fol- 

35 lowing differences: 

Firstly the drive matrix 32 consists only of two X 
drive coils and two Y drive coils (as shown in figure 
8). Secondly the drive coils which were used in the 
tablet 10 (shown In figure 3) are in this embodiment 

40 used as coarse sense coils in a coarse sense matrix 
33 and are fed into a coarse sense multiplexer 34. 
The multiplexed coarse sense signals are then sent 
to the synchronous de-modulator 18 along with the 
multiplexed fine sense signals from the fine sense 

45 multiplexer 1 3. 

Referring also to figure 8, this shows Y fine sense 
coils 35, 36, 37, 38 and Y coarse sense coils 39, 40, 
41. The arrangement of the coarse coils 39, 40, 41 is 
that of the drive colls of figure 3. In this embodiment 

so separate X drive coils 42, 43 are provided. The tablet 
also comprises X coarse and fine sense coils and Y 
drive coils (not shown) which are orthogonal to their 
counterparts shown in figure 8 and are superimposed 
thereon. In more detail each axis is provided with 

55 drive coils (eg. 42, 43) arranged orthogonally with re- 
spect to their associated sense coils (eg. 35, 36, 37, 
38). Each drive coil is laid out in a zig-zag fashion 
forming clockwise and counterclockwise loops result- 
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ing in repeated flux reversals across the tablet sur- 
face. Due to the flux reversals in the drive coils (42, 
43) null points exist, ie. points at which the signal in- 
duced in the pointers tuned circuit from one (clock- 
wise) portion of a drive coil is equal and opposite to 5 
that induced by another (counter-clockwise) portion 
of the same coil. To overcome this problem a plurality 
of drive coils are provided, ie. in this case two for each 
axis. The most appropriate drive coil on which to drive 
is selected by the processor 20 based upon the w 
strength of signals induced in the fine sense coils 
from the pointer. 

A number of coarse sense coils (39, 40, 41) are 
provided, ie. at least one coil for each pitch in both X 
and Y axis, in order that the relevant pitch over which 1 s 
the pointer is located, may be identified. Voltages are 
induced into the coarse sense coils by the resonating 
pointer in a similar manner to those induced in the 
fine sense coils 35, 36, 37, 38. The coarse sense sig- 
nals are multiplexed into the synchronous de-modu- 20 
lator 1 8 and are converted into digital form by the ana- 
logue to digital converter 19. By analyzing the ampli- 
tude and polarity of the coarse sense signals the 
processor 20 determines which pitch the pointer is 
above. By using the method described in relation to 25 
figure 1 the process identifies where, in a particular 
pitch, the pointer is located. 

The above described invention provides a digitiz- 
ing tablet and a cordless pointer in which no suspen- 
sion of the transmission of a drive signal is required 30 
during reception of a sensed signal, and in which it is 
not necessary to transmit a composite drive signal 
containing a high frequency carrier component 



Claims 

1. Digitizing apparatus comprising a reference sur- 
face and a position indication device arranged in 
use to indicate a position relative to the reference 40 
surface, the apparatus comprising drive means 
arranged, in use, to be inductively coupled to an 
electrical conductor of the position indication de- 
vice, and sensor means arranged in use to be in- 
ductively coupled to an electrical conductor of the 45 
position indication device, the drive means being 
arranged, in use, to induce an electrical signal in 
a conductor of the position indication device, a 
conductor of the position indication device being 
arranged in use to induce an electrical signal in 50 
the sensor means, wherein the sensor means 
comprises at least one coil of electrically con- 
ducting material in use. 



a second winding orientation, opposed to the first 
winding orientation. 

3. Apparatus according to claim 2 wherein the sen- 
sor means comprises a plurality of coils wherein 
a number of the coils comprise first and second 
coil portions. 

4. Apparatus according to claim 3 wherein at least 
some of the coils are arranged in a first config- 
uration and at least some others of the coils are 
arranged in a second configuration substantially 
orthogonal to the first configuration. 

5. Apparatus according to claim 3 wherein at least 
some of the coils of the sensor means are ar- 
ranged such that for each coil portion of the first 
winding orientation, there is a coil portion of the 
second winding orientation. 

6. Apparatus according to any of the preceding 
claims wherein the drive means comprise at least 
one electrical conductor. 

7. Apparatus according to any of the preceding 
claims wherein the drive means comprise a plur- 
ality of electrical conductors. 

8. Apparatus according to claim 6 or claim 7 where- 
in the drive means comprises a number of first 
electrical conductors in a first configuration and 
a number of second electrical conductors in a 
second configuration, substantially orthogonal to 
the first configuration. 

9. Apparatus according to any of claims 6 to 8 
wherein at least one of the electrical conductors 
of the drive means comprises an electrically con- 
ducting coll in use. 

10. Apparatus according to any of the preceding 
claims wherein the position indication device 
comprises a tuned circuit. 



2. Apparatus according to claim 1 wherein the sen- 55 
sor means comprises at least a first coil portion 
which is wound in a first winding orientation and 
at least a second coil portion which is wound in 
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